Abstract. Previous studies have indicated that anesthesia-associated drugs may directly inhibit cellular immunity and humoral immunity, which may be associated with tumor recurrence. The present study demonstrated that propofol may suppress the proliferation of MCF-7 cells and inhibit the expression of interleukin (IL)-6 and IL-8. Subsequent to treatment with propofol, MCF-7 cells demonstrated downregulated cyclooxygenase-2 (COX-2) protein expression and decreased levels of vascular endothelial growth factor and prostaglandin E2 in the supernatant. Therefore, the mechanism of propofol in suppressing tumor development and metastasis may be associated with the inhibition of IL-6, IL-8 and COX-2.
Introduction
At present, surgical resection serves as the preferred modality in cancer treatment, and cancer prognosis is largely dictated by the stage of tumor metastasis (1) . However, despite surgery by an experienced surgeon, the diffusion of tumor cells into blood and lymph circulation is inevitable (2) . It is accepted that tumor metastasis is determined by the metastatic ability of tumor cells, and anti-metastatic actions, such as surgical resection (3) . Numerous previous studies have demonstrated that tumor metastasis is affected by various factors during surgery, including anesthesia (4), acute pain (5) and stress reactions (6) .
Among these factors, the effect of anesthetic drugs on tumor metastasis has attracted interest.
Certain previous studies (7, 8) have indicated that the drugs used in anesthesia may directly inhibit cellular and humoral immunity, which may be associated with tumor recurrence. However in other studies (9, 10) , the effect of propofol treatment in suppressing the adhesion and metastasis of breast cancer cells was revealed. Melamed et al (11) compared the effects of different general anesthetics on tumor-bearing rats via intravenous injection. The results indicated that the number of tumor cells in the lungs of the rats was increased 5.5 and 2-folds in the rats of ketamine-and thiopentone-treated groups, respectively, but neither propofol nor diazepam treatment demonstrated these results. Nonetheless, the mechanism of propofol in the inhibition of tumor metastasis and proliferation remains unknown.
It is well established that angiogenesis serves a prerequisite role in cancer infiltration and metastasis, and that cyclooxygenase-2 (COX-2) overexpression is closely associated with angiogenesis in tumors (12) . As the rate-limiting enzyme involved in the conversion of arachidonic acid into prostaglandin (PGs), COX-2 has been identified to be overexpressed in multiple tumors, including gastrointestinal, prostatic, lung and breast cancer (13) (14) (15) . The meta-analysis of 90 studies conducted by Harris (16) indicated that regular administration of selective COX-2 inhibitors significantly reduced the incidence of colon, breast, lung and prostatic cancer. As breast cancer has been studied more extensively in recent years, the effects of COX-2 have been increasingly highlighted (17, 18) . Animal experiments have demonstrated that the overexpression of COX-2 induced the genesis of breast cancer in transgenic mice (19) . Selective inhibition of COX-2 effectively reduced tumorigenesis in rats (20) , which indicates the direct involvement of COX-2 in the genesis of breast cancer.
In the present study, the inhibitory effects of two anesthetics, propofol and ketamine, on MCF-7 cells were compared and the effects of these two general anesthetics on cytokine production in mice bearing MCF-7 tumors were investigated.
Materials and methods
Reagents and antibodies. Propofol, ketamine, microculture tetrazolium (MTT) and celecoxib, which is a high selectively Anesthetic drug propofol inhibits the expression of interleukin-6, interleukin-8 and cyclooxygenase-2, a potential mechanism for propofol in suppressing tumor development and metastasis /ml MCF-7 cell suspension was prepared with RPMI-1640 culture medium containing 10% FBS, and was transferred to a 96-well plate with 100 µl in each well. Then, the cells were incubated at 37˚C with 5% CO 2 for 24 h to obtain monolayer cells. Propofol, ketamine and celecoxib were diluted in RPMI-1640 medium containing 10% FBS to concentrations of 10, 20, 40, 60, 80, 100, 120, 140, 160 and 180 µmol/l, and 100 µl drug solution was added to each well. A total of 5 parallel wells were set for each, and the medium containing no drugs was added in the control group. Cell incubation for an additional 24 h was performed at 37˚C with 5% CO 2 . The culture medium was subsequently removed and, the cells were washed three times with cold PBS solution by centrifugation at 340 x g for 5 min at room temperature. Following this, 180 µl fresh culture medium and 20 µl of MTT solution (5 mg/ml) were added to the cells and incubated at 37˚C with 5% CO 2 for another 4 h. The crystallization product was dissolved in 150 µl dimethyl sulfoxide subsequent to the removal of the supernatant by centrifugation at 700 x g for 10 min at room temperature, and the cell survival rate was calculated using the optical density (OD) value as determined by enzyme-linked analyzer (Omega Bio-Tek, Inc., Norcross, GA, USA) at 490 nm. All test samples were assayed in quadruplicate, and cell viability was calculated using the following formula: Cell viability=(mean absorbance of test wells-mean absorbance of medium control wells)/(mean absorbance of untreated wells-mean absorbance of medium control well) x100%.
MCF-7 tumor-bearing nude mice model.
All animal experiments were performed in accordance with the Animal Management Rules of the Ministry of Health of the People's Republic of China and the guidelines of the Animal Care and Use Committee of Jilin University (Changchun, China). Ethical approval was obtained from the Ethics Committee of the China-Japan Union Hospital of Jilin University. The nude mice were purchased from Experimental Animal Center of Changchun Biological Institute (Changchun, China), and kept under specific pathogen-free conditions. The room temperature was maintained at 27±1˚C and the relative humidity was 40-60. The mice were fed three times a day and were exposed to 10 h light per day.
A total of 48 female BALB/c nude mice (18-20 g, 4-5 weeks old) were equally divided into two groups: A propofol treatment group and a ketamine treatment group. The mice in each group were additionally divided into three subgroups and a control group, and each mouse was inoculated with 5x10 6 living MCF-7 cells subcutaneously in the left axilla. The suspension of single MCF-7 cells was obtained following trypsin digestion of the cells in the exponential growth phase. Intra-peritoneal administration of the drugs at doses of 30, 60 and 80 mg/kg for each subgroup was performed subsequent to the diameter of tumor tissues reaching 0.5 cm. After 4 h of propofol and ketamine administration, blood was collected through decapitation for 30 min. Then, the levels of IL-1, IL-6, IL-8 and tumor necrosis factor (TNF)-α were determined using an ELISA kit according to the protocol of the manufacturer.
ELISA assay. MCF-7 cells in the logarithmic growth phase were obtained and seeded at 1~2x10 6 cells/well to a 6-well plate. Cells were observed under a Leica DM6000B digital light microscope (Leica Microsystems, Wetzlar, Germany) at 200x magnification and viewed four fields (top left, bottom left, top right, bottom right). Then, the cells were incubated for 24 h at 37˚C, 5% CO 2 and saturated humidity. The culture medium was changed after 24 h, and then propofol and ketamine were added at final concentrations of 0, 60, 120 and 180 µmol/l. After a 24 h-incubation at 37˚C, the culture medium was removed and the supernatant was collected by centrifugation at 700 x g for 10 min at room temperature following trypsin digestion. Then, 0.5 ml supernatant by centrifugation at 700 x g for 10 min was added into 0.1 ml HCl, and the mixture was centrifuged at 700 x g for 10 min at room temperature to obtain the supernatant. Following this, 0.1 ml NaOH was added to neutralize the acidulated sample. A total of 100 µl standard substance or sample was added into the corresponding wells according to manufacturer's instructions. OD values at 490 nm were determined by using enzyme-linked analyzer (Omega Bio-Tek, Inc.), and zero adjustment was performed in the sample-free well, with 3 parallel wells set for each standard substance and sample. This experiment was repeated three times.
Western blot assay. MCF-7 cells in the logarithmic growth phase were obtained and seeded at a density of 1-2x10 6 cells/well into a 6-well plate. Then, the cells were incubated for 24 h at 37˚C and 5% CO 2 and saturated humidity. The culture medium was changed after 24 h, and then propofol, celecoxib and ketamine were added at final concentrations of 180 µmol/l. Following 24 h incubation at 37˚C with 5% CO 2 , the culture medium was removed and the supernatant was collected by centrifugation at 700 x g for 5 min at room temperature following trypsin digestion. The cells were pelleted at 700 x g for 5 min at 4˚C and lysed in 50 µl cell lysis buffer (20 mM Tris, pH 7.4, 100 mM NaCl, 1% Triton, 1 mM phenylmethylsulfonyl fluoride, 10 µg/ml leupeptin, 10 µg/ml aprotinin). The protein concentration was determined by Bradford assay (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Equivalent amounts (50 µg) of protein were analyzed using 10% SDS-PAGE gels. The gels were then electro-blotted onto polyvinylidene fluoride membranes. Following blocking with 5% milk at 37˚C for 2 h, membranes were incubated at 4˚C with primary antibody overnight as described previously in the reagents and antibodies section. Finally, the relevant proteins were visualized following incubation with the appropriate secondary horseradish peroxidase-labeled antibody at 37˚C for 1 h followed by visualization using enhanced chemiluminescent agent (Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China). Densitometric scanning analysis was performed using ImageJ software version 1.62 (National Institutes of Health, Bethesda, MD, USA).
Statistical analysis.
The experiments were performed in triplicate, and the data are presented as the mean ± standard deviation. Data between ≥3 groups were compared using one-way analysis of variance followed by a post-hoc test (Dunnett's test) using SPSS software package (version 13.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

Inhibition of MCF-7 cells by propofol and ketamine treatment as determined by MTT assay.
Celecoxib, propofol and ketamine were selected for MTT assay at screening concentrations of 10, 20, 40, 60, 80, 100, 120, 140, 160 and 180 µmol/l, and the results are shown in Fig. 1 . As indicated in the figure, no significant inhibitory effect of ketamine treatment on cell viability was observed in MCF-7 cells. Compared with group ketamine, treatment with celecoxib exhibited a significant inhibitory effect on MCF-7 cell viability (P<0.05). For propofol, the inhibition was not evident at low drug concentrations (10-80 µmol/l), whereas higher concentrations (100-180 µmol/l) exhibited an inhibitory effect that was weaker compared with celecoxib treatment. MCF-7 cells were inhibited by celecoxib and propofol treatment in a dose-dependent manner, and the cell survival rate decreased with increasing drug concentration. In summary, the results validated that ketamine does not exhibit an inhibitory effect on the proliferation of MCF-7 cells, and propofol inhibits MCF-7 cells in a dose-dependent manner with the efficient concentrations ranging between 100-180 µmol/l.
Analysis of changes in levels of cytokines in MCF-7
tumor-bearing mice by ELISA assay. Serum levels of IL-1, IL-6, IL-8 and TNF-α following administration of propofol and ketamine are demonstrated in Fig. 2 . At 4 h following anesthetic administration, serum cytokine levels were altered in the mice in the two groups. An ELISA assay was performed to detect levels of cytokines. Compared with the control group, mice treated with propofol and ketamine exhibited decreased serum levels of IL-1, but the inhibition was weak and no significant difference was observed (Fig. 2A) . The level of IL-6 was inhibited by propofol and ketamine, and a more marked inhibitory effect was observed with increased drug concentrations. In addition, propofol demonstrated a significantly stronger inhibition effect compared with that of ketamine (Fig. 2B) . The level of IL-8 was inhibited by propofol at a low concentration (20 mg/kg), while ketamine did not demonstrate a marked inhibitory effect on the level of IL-8 (Fig. 2C) . The inhibition of TNF-α production was observed in the ketamine and propofol groups but at different levels. A marked inhibitory effect was observed in the ketamine group, and a weaker inhibitory effect was observed in the propofol group (Fig. 2D) .
Inhibitory effects of propofol and ketamine on COX-2 of MCF-7 cells determined by ELISA assay.
ELISA assays were performed to determine the inhibition of COX-2 in MCF-7 cells by propofol, ketamine and celecoxib. Celecoxib, a known COX-2 inhibitor, was used as the positive control. The ELISA assay results are presented in Fig. 3 . It was demonstrated that ketamine treatment did not exhibit an inhibitory effect on COX-2 levels at concentrations 0, 60, 120 or 180 µmol/l, while celecoxib and propofol treatment significantly inhibited the production of COX-2 in a dose-dependent manner. It was identified that the release of COX-2 was effectively inhibited by propofol, even though this effect was less marked compared with that of celecoxib. The ELISA assay confirmed that the expression of COX-2 protein was significantly downregulated by propofol, but treatment with ketamine did not demonstrate this effect, indicating that the production of COX-2 may be inhibited by propofol.
Expression levels of PGE2 and VEGF in MCF-7 cells determined by ELISA and western blot assays. PGE2 is an important downstream protein of COX-2 and is involved in the promotion of tumor cell growth and angiogenesis (21) (22) (23) (24) . VEGF is also an important cytokine in the genesis and development of tumors (25) . The levels of PEG2 and VEGF following celecoxib treatment were determined, and it was identified that celecoxib treatment may effectively downregulate the expression of PEG2 and VEGF (Fig. 4) . At a dose of 180 µmol/l, celecoxib reduced the concentration of PEG2 ~3-fold compared with the control group and decreased the level of VEGF to 100 pg/ml, whereas the level of VEGF in the propofol group was 130 pg/ml. The inhibitory effect of propofol treatment on the levels of PEG2 and VEGF was less marked compared with that of celecoxib, but remained evident. Compared with the control group, the levels of PGE2 and VEGF in the supernatant of MCF-7 cells was decreased following propofol treatment in a dose-dependent manner. Therefore, it may be concluded that the effect of propofol on tumor growth and development may be attributed to its ability to suppress the enzyme activity of COX-2 and inhibit the release of PGE2 and VEGF.
Western blot assays were performed to verify the ELISA assay results (Fig. 5) . MCF-7 cells were cultured ex vivo in 6-well plates with a dose of 180 µmol/l ketamine, propofol and celecoxib. Fig. 5A indicated that propofol effectively downregulated the expression of COX-2 compared with ketamine, although this effect was less marked than with celecoxib. Similar results were observed for PGE2 and VEGF expression levels ( Fig. 5B and C) . These results effectively confirmed the previous conclusion drawn by ELISA assay.
Discussion
Propofol (2,6-diisopropylphenol) is one of a number of extensively used intravenous anesthetic agents that also exhibit antitumor effects (26, 27) . Propofol, at clinically relevant concentrations, may inhibit tumor invasion and result in apoptosis of human cancer cells (28) . For example, Tsuchiya et al (29) demonstrated that propofol treatment may induce the apoptosis of human promyelocytic leukemia cells. Miao et al (30) has also shown that propofol is able to significantly decrease the invasive activity of human colon carcinoma cells. In animal studies (31, 32) , propofol exerted antitumor activities by modulating immune reaction. However, it is unclear whether propofol exhibits inhibitory effects on tumor metastasis and proliferation. To the best of our knowledge, this is the first study investigating the mechanism of propofol in inhibiting MCF-7 tumor cell growth. It was demonstrated that propofol inhibited MCF-7 cells in a dose-dependent manner by inhibiting the expression of IL-6 and IL-8 and by downregulating COX-2 protein.
IL-6 is one of the cytokines with the most extensive range of functions. IL-6 facilitates the genesis and development of tumors primarily by regulating genes, which control cell cycle, accelerate tumor angiogenesis, promote local inflammatory response to tumor and enhance self-renewal of tumor stem cells (33) . In the propofol treatment group, the serum level of IL-6 was lower compared with that of the ketamine treatment group, which may suggest a potential tumor inhibition mechanism of propofol.
It was also noted from the present study that the inhibitory effect of propofol treatment on the levels of IL-8 was more marked compared with that of ketamine. This observation suggested that the different inhibitory effects of propofol and ketamine on tumor metastasis may be associated with differences in IL-8 levels. Singh et al (34) demonstrated the close interaction between IL-8 and COX-2 in bone metastasis of breast cancer. The correlation between the expression of IL-8 and COX-2 in breast cancer has also been highlighted by numerous studies (34, 35) , and it has been suggested that IL-8 and COX-2 are mutually regulated to promote the genesis and development of tumor (36) . Therefore, the present study hypothesized that propofol may inhibit COX-2. The ELISA assay results confirmed that the production of COX-2 may be downregulated by propofol. As PGE2 is an important downstream protein of COX-2 that promotes tumor cell growth and angiogenesis, and VEGF is also an important cytokine in the genesis and development of tumors, the present study also investigated whether propofol exhibits inhibitory effects on PGE2 and VEGF expression by ELISA and western blot assays. The results confirmed the hypothesis.
In conclusion, the present study suggested that propofol may suppress the proliferation of MCF-7 cells and identified that propofol inhibited the expression of IL-6 and IL-8. Subsequent to treatment with propofol, downregulated COX-2 protein expression was observed in MCF-7 cells, and the levels of VEGF and PGE2 in the supernatant were also decreased. Therefore, a potential mechanism of propofol in inhibiting tumor development and metastasis is the inhibition of the expression of IL-6, IL-8 and COX-2. The present study provides original data, and hypothesizes the antitumor mechanisms of propofol in MCF-7 cells. However, as the number of tumor samples and the tumor grade were limited, additional large-scale studies are required to explore the antitumor mechanism of propofol.
